Introduction
Conventional reinforced concrete is a composite material of reinforcing steel bars embedded in a hardened concrete matrix. The accurate information on the properties of the reinforcing steels as a construction material is important at the design or construction stage. There are many codes which specify the limits on the properties and testing procedures of the steel rebar. These are ASTM A615, BS4449, ISO 6935-2 etc. Saudi Arabia have adopted ASTM A615 standard [1] for the steel rebar testing. Reinforcing bars tests in most construction sites have been restricted to tensile and bend tests with little or no information about chemical composition as they relate to the structural performances of the bars. Chemical composition variations in producing reinforcing steel bars are unavoidable. Table 1 gives the list of chemical ingredients that influences the property of steel rebar's [2] . Carbon is the main strengthening element that participates in two strengthening mechanisms, solid solution and second phase formation (cementite). Although carbon increasing the strength (mainly the tensile TS), but on the other hand decrease the ductility and Hardness, in addition to affecting the weldability [3] . The carbon equivalent represents the contribution of carbon and other elements to the formation of structures susceptible of hydrogen embrittlment during welding. In the carbon equivalent diagram ( Figure 1 ) the transformation is schematically represented. The rebar steels moved from a region of optimum-medium weldability to region of high risk weldability. The ASTM A615 reflects this problem and explicitly excludes the weldbality. Other properties of the rebar are compromised when the carbon steel with medium carb on content is used for fabricating rebar. Among these is the elastic - plastic behavior. Most theories of concrete reinforced structure design considers that the steel in the structure deforms elastically and then it will yield plastically at constant stress. The elastic -perfectly plastic behavior of the steel is assumed by most of the model or code for earthquake resistance construction. Metallurgically, hot rolled plain low carbon steel (carbon content less than 0.3 wt. %) produces steel with near elastic-perfectly plastic behavior (i.e. stress -strain curve with wide Luders deformation after yielding). One method to fabricate steel rebar with high strength combined with high ductility, weldability and toughness is Tempcore process. In this method hot rolled deformed bars are quenched at the end of rolling mill by applying high pressure jets of cold water on the red hot steel surface. This process hardens a crust near the steel surface while the bar core remains with high ductility. This procedure produces steel with low carbon, high strength, high ductility, good weldable property and tough material [4] . This property is required to set the cooling parameters in TMT (Thermo mechanically treated) process and a slight variation in carbon equivalent may alter the physical properties. In case of CTD (Cold twisted deformed) bars, carbon equivalent has a maximum limit of 0.42 percent but there is no lower limit prescribed. As such, as long as the chemical composition and physical properties of raw materials are within specified limits, the variation in carbon equivalent as in the case of TMT bars. and high risk of cold crack formation [4] .
There has been number of statistical studies dealing specifically with the variability of the mechanical properties of reinforcing steel [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . In these studies, variations in yield and tensile strengths were examined. These variations were believed to be caused by variation in the rolling practices and quality control measures used by different manufacturers, as well as possible variations in cross-sectional area, steel strength, and rate of loading. On the other hand there has been very few studies on variability of chemical composition reinforcing steel [18, 19] . Jibrin and Ejeh [19] studied the Chemical composition of reinforcing steel in the Nigerian Construction Industry. A total of 14 companies supplied nineteen samples were tests. Most of the bars showed absence of some element such as Molybdenum, Vanadium, etc which is a strength and coefficient of weldability determinants BS4449. Also, it is shown that the high percentage of elements such as Silicon and Phosphorus impacted negatively on the strength and deformation characteristics of the bars. Saudi Arabia's steel demand has made the country one of the largest consumer in the GCC region. The country also accounts for significant number of construction activities in the Middle-East region [20] . The purpose of this study is to assess the quality of rebar's manufactured in KSA. The tasks to deliver these objectives will cover the chemical composition testing of the rebars produced from the steel manufacturing plants in the KSA and to derive and investigate the relevant parameters related to the quality of reinforcing bars. This paper reports on the variability of the chemical composition of reinforcing steel produced throughout the Saudi Arabia by experimentation and asses the quality of steel rebar's which satisfy the minimum requirements established by ASTM International A615. Samples ASTM A615 Grade 60 from different manufacturers were collected and tested using the Spectrometer test to obtain Chemical Compositions. A statistical analysis of bar Chemical Composition is conducted.
Experimental method
Samples of steel bars ASTM A615 Grade 60 were collected and labeled from eight local steel manufacturing companies in Saudi Arabia as shown in Table 2 . Sixtey eight specimens were randomly selected from the manufactures stockpiled. All the samples were prepared and tested for the chemical properties of the steel using a Spectrolab Foundry Master X-lin analytical instrument. These tests were performed at three different laboratories namely Saudi Arabia standard organization, SABIC and Imperial College London. 
Results and discusion
The chemical analysis of the tests carried on the steel samples shows that the steel bars from these manufacturers possessed percentage average Carbon, Phosphors, Sulphuer, Copper, Chromium, Manganese and Carbon Equivalent contents of 0.26, 0.02, 0.013, 0.079, 0.061, 0.852 and 0.402, respectively. EasyFit 5.6 is utilized to obtain necessary statistical results. Table 3 and includes a summury of statistical analysis of chemical compositions. Figure 2 shows full statisctal results of the ten chemical compositions. These compositions follow different types of continuous distributions as depicted in Figure 2 . Mean, standard deviation, and other statistical functions are determined according to distribution type. Carbon (C) Copper (Cu), and Manganese (Mn) follow Generalized Extreme Value distribution; Phosphorus (P) follows Log-Logistic distribution; Sulphur (S) follows Log-Pearson distribution; Chrome (Cr) follows Weibull distribution, Molybdenum (Mo) follows Generalized Pareto distribution; Nickel (Ni) follows Fatique Life distribution; Vanadium (V) follows Johnson SB distribution; Silicon (Si) follows Gamma distribution; and Carbon Equivalent (C.E.) follows Dagum. Carbon (C) is the only composition that has left skewed, the other compositions have right sekewed. Phosphorus (P) has highet value of coefficient of variation (CV), which is a function of mean and standard deviation. While, Carbon (C) has the lowest value of CV. Furthermore, control charts are generated for each chemical composition to verify samples that are below 3 sigma or more than 3 sigma, as shown in Table 3 . The ASTM A615 does not specify any restriction on Carbon content; the only restriction is on the phosphorus content with a maximum of 0.06 %.and 0.075% from the heat of steel and the product, respectively. The analyses shows that out of the 68 test performed only two samples did not meet the standard i.e. less than 3% of the steel failed to meet minimum ASTM standards for chemical composition. The statistical analysis including the values of maximum, minimum, average, median and standard deviation for each element is calculated and shown in Table 3 . The carbon equivalan was calculated using the following equation [21] . Moreover, it shows that chemical compositions among samples is not normally distributed which indicates variability among manufacturers row material used for producing rebar's. It is evident that, for most bars sizes of A 615 Grades 60, the mean for the chemical composition is not situated at the midpoint of the data range, indicating non-normal distributions.
Conclusion, recommendations and benefits
Chemical composition tests conducted on 68 samples of locally manufactured steel reinforcing rebar's in Saudi Arabia. The analysis of the steel bars from these manufacturers possessed percentage average Carbon, Phosphors, Sulphuer, Copper, Chromium, Manganese and Carbon Equivalent contents of 0.26, 0.02, 0.013, 0.079, 0.061, 0.852 and 0.402, respectively. Also it is shown shown that less than 3% of the steel failed to meet minimum ASTM standards for chemical composition. It is evident that, for most bars sizes of A 615 Grades 60, the mean for the chemical composition is not situated at the midpoint of the data range, indicating non-normal distributions, therefore, the characteristic chemical composition of locally produced steel bars is not consistent. The following recommendation and benefits can be deduced from this study. 1. The results are very important for the long term financial stability and mechanical viability and structural safety for this sector in KSA 2. Saudi Arabia Standard organization board should make sure, the standard given by them is strictly observed by all the local producers. 
